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ABSTRACT 26 
 27 
 28 
Aims: The use of RAPD-PCR fingerprinting and plasmid profiles to determine at the 29 
strain level, the similarity of Lactococcus lactis isolates obtained during sampling of 30 
traditional cheeses and to verify its correspondence to the selected phenotypic 31 
characteristics.  32 
Methods and Results: A total of 45 L. lactis isolates were genotypically analyzed by 33 
RAPD-PCR fingerprinting and plasmid patterns. Phenotypic traits used to compare 34 
strains were proteolytic, acidifying, aminotransferase (AraT, BcaT) and alpha-35 
ketoisovalerate decarboxylase (Kivd) activities. The results show that 23 isolates could 36 
be grouped in clusters that exhibited 100% identity in both their RAPD and plasmid 37 
patterns, indicating the probable isolation of dominant strains during the cheese 38 
sampling process. However, there were phenotypic differences between isolates within 39 
the same cluster that included the loss of relevant technological properties such as 40 
proteinase activity and acidifying capacity or high variation in their amino acid 41 
converting enzyme activities. Likewise, the analysis of a specific attribute, Kivd 42 
activity, indicated that 7 out of 15 isolates showed no detectable activity despite the 43 
presence of the encoding (kivd) gene.  44 
Conclusion: Phenotypic differences found between genotypically similar strains of L. 45 
lactis strains could be linked to differences in enzymatic expression. 46 
Significance and Impact of Study: Phenotypic analysis of L. lactis isolates should be 47 
considered when selecting strains with new cheese flavour forming capabilities. 48 
 49 
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INTRODUCTION 52 
 53 
Starter cultures used for the production of soft and semi-hard cheeses are extensively 54 
formed by strains of Lactococcus lactis. The widespread use of starter cultures sold by a 55 
relatively limited number of producers has however restricted the number of strains 56 
used in industrial dairy fermentations, which has contributed to the narrowing of cheese 57 
flavour diversity. Differences in sensory quality between raw milk and pasteurised milk 58 
cheeses have been shown to depend mainly on the diversity and complexity of the 59 
microbial communities present in raw milk (Grappin and Beuvier 1997; Duthoit et al. 60 
2005; Ballesteros et al. 2006). In comparison to industrial strains, wild lactococcal 61 
strains produce distinct flavours due to their greater enzymatic activities in amino acid 62 
conversion (Ayad et al. 1999; Morales et al. 2003). Amino acid transamination is the 63 
key route for conversion of amino acids in L. lactis and can result in the formation of 64 
flavour compounds such as aldehydes by decarboxylation of the α-keto acids. There is 65 
however a high level of intra-species variation in these enzymatic activities (Fernández 66 
de Palencia et al. 2006) and recent efforts have focused on screening and evaluating 67 
new lactococcal strains isolated from wild ecological niches and good quality raw milk 68 
traditional cheeses. These strains could be used as starters in cheese manufacture to 69 
increase biodiversity, diversify flavour and restore the unique characteristics of 70 
traditional cheese varieties (Ayad et al. 2001; Centeno et al. 2002; Amárita et al. 2006).  71 
The identification and characterization of new L. lactis strains isolated from raw milk 72 
cheeses typically involves various biochemical, genetic and technological analyses 73 
(Cogan et al. 1997; Delgado and Mayo 2004; Temmerman et al. 2004). Selection of 74 
strains usually follows their isolation by specific culture-dependent procedures that are 75 
reproducible and lead to the occurrence of predominant strains and a predictable degree 76 
of biotype variability during production. To narrow the number of isolates to be 77 
screened for novel enzymatic activities and/or cheesemaking applications, it is of 78 
practical interest to employ genotyping techniques that could allow the grouping of 79 
repeatedly isolated strains. The aim of this study was to use randomly amplified 80 
polymorphic DNA (RAPD) fingerprinting and plasmid profiling to determine at the 81 
strain level, the similarity of L. lactis isolates obtained during sampling of raw goats’ 82 
milk cheeses and provide validation by examining their associated phenotypic 83 
characteristics. 84 
 85 
 86 
MATERIAL AND METHODS 87 
 88 
Lactococcus lactis strains, their origin and culture conditions 89 
A collection of 45 L. lactis isolates were used in the study. The bacteria were isolated 90 
and phenotypically identified at the species level during two different sampling 91 
processes of Majorero, a Spanish raw goats’ milk cheese (Fontecha et al. 1990; Cogan 92 
et al. 1997). Identification numbers starting from 300, 700 and 900 refer to isolates 93 
obtained in the first cheese sampling and numbers starting from 1 correspond to those 94 
obtained in the second cheese sampling. Working cultures were prepared from a stock 95 
maintained at –80 ºC by two transfers at 30 ºC in M-17 broth supplemented with 0.5% 96 
glucose (GM17) or lactose (LM17). All isolates were tested for phenotypic and 97 
genotypic characteristics.  98 
 99 
Phenotypic characterization 100 
Milk acidification and proteolysis 101 
Acid production was determined in heat-treated (10 min at 110 °C) 100 g 1
-1
 102 
reconstituted skim milk (Scharlau, Barcelona, Spain). An overnight culture in LM17 103 
broth was used to inoculate (1%) heat-treated milk and the mixture was incubated at 30 104 
°C for 6 h. The pH was measured directly using a pH-meter (Metrohm Ltd., Herisau, 105 
Switzerland). Milk proteolysis was measured by the -phthaldialdehyde method 106 
(Church et al. 1983) using heat-treated milk cultures obtained after incubation at 30 °C 107 
for 24 h.  108 
 109 
Aminotransferase and -ketoisovalerate decarboxylase activities  110 
The branched-chain (BcaT) and aromatic aminotransferase (AraT) activities of the 111 
lactococcal isolates were determined by measuring the formation of -112 
ketomethylvaleric acid from isoleucine and phenylpyruvic acid from phenylalanine by 113 
reverse-phase high-pressure liquid chromatography (RP-HPLC) (Amárita et al., 2001a). 114 
The -ketoisovalerate decarboxylase (Kivd) activity was analysed by measuring the 115 
production of isobutyraldehyde from -ketoisovalerate (KIV) by RP-HPLC according 116 
to Amárita et al. (2001b).  117 
 118 
Genotypic characterization  119 
RAPD fingerprinting  120 
Genomic DNA from L. lactis GM17 overnight cultures was isolated by the guanidium 121 
thiocyanate method as described by Pitcher et al. (1989). The random primers used for 122 
strain typing were the M13 minisatellite (5′-GAGGGTGGCGGTTCT-3′) (Huey and 123 
Hall, 1989), P2 (5′-GGTGACGCAG-3′) and P3 (5′-CTGCTGGGAC-3′) primers 124 
previously described by Manguin et al. (1999) to effectively discriminate between L. 125 
lactis strains. The PCR conditions were as described by Rodas et al. (2005) using 0.5 µg 126 
of DNA as template. RAPD products were separated on a 1% agarose gel (90 V for 4 h) 127 
and the band patterns were interpreted with the Lane Manager 2.1 computerized system 128 
(TDI, Madrid, Spain) and clustered using the unweighted pair group method with 129 
arithmetic averages (UPGMA) based on Jaccard's similarity index.  130 
 131 
Plasmid extraction and analysis 132 
Plasmid DNA was extracted from L. lactis GM17 overnight cultures using the alkaline 133 
lysis procedure described by García-Quintáns et al. (1998). Plasmid profiles were 134 
obtained after separation on a 0.6% agarose gel and analysed as described above for 135 
RAPD patterns. 136 
 137 
Detection of the gene encoding -ketoisovalerate decarboxylase 138 
The kivd gene was amplified using the primers kivd1 (5'-139 
TATGGACCATGGCGATGTATACAGTAG-3') and kivd7 (5'-140 
CTATTTATAAACTCGAGTTTATTTTGTTCAGC-3') and PCR conditions described 141 
previously (de la Plaza et al. 2004). Sequencing of PCR fragments was carried out for 142 
both strands on amplified fragments at the DNA Sequence Service of the Centro de 143 
Investigaciones Biológicas-CSIC (Madrid, Spain).  144 
 145 
 146 
RESULTS  147 
 148 
After RAPD fingerprinting of genomic DNA and plasmid DNA analyses, only 6 149 
isolates from a total of 45 L. lactis isolates failed to reproduce measurable patterns. The 150 
diversity of RAPD products generated by primer P2 was higher than that produced 151 
using primers P3 and M13. Therefore, UPGMA dendograms were derived from RAPD 152 
patterns generated by primer P2 using the Jaccard's index, which reflects the ratio of 153 
band similarity. The relatedness of isolates varied between 40% and 100% for all pairs 154 
of samples compared (Fig. 1). The dendogram (Fig. 1) grouped 26 isolates into three 155 
clusters (I, II, and III) each with a similarity level of 100%. All isolates in clusters I and 156 
III (Fig. 1) originated from the second and first cheese sampling respectively, while 157 
cluster II contained isolates from both samples. The similarity of the isolates within 158 
clusters I and III was also confirmed by their plasmid profiles (Fig 2). By comparison 159 
however, the analysis of their corresponding plasmid profiles allowed 9 isolates in 160 
RAPD cluster II to be further divided into four subclusters (IIa, IIb, IIc, and IId), each 161 
containing isolates that were 100% identical (Fig. 3) and originating from the same 162 
cheese sampling.  163 
The genotypic similarity of isolates in RAPD clusters I, II (and plasmid profile 164 
subclusters IIa-d) and III indicated that they might share similar phenotypic 165 
characteristics. However, phenotypic differences could be found between isolates 166 
grouped in the same cluster (Table 1). These included variations in their acidifying and 167 
proteolytic capabilities as shown by isolates in cluster I. Differences in amino acid 168 
converting activities were also found between isolates that clustered at 100% identity, 169 
with higher levels of variability in AraT activity compared to BcaT activity. Kivd 170 
activity also varied considerably between isolates within the same cluster. Moreover, 171 
this activity was only detected in 8 out of the 39 L. lactis isolates analysed (Table 2). 172 
However, the study of the kivd gene encoding the activity revealed its presence by 173 
obtaining a 1647-bp PCR product (de la Plaza et al. 2004) in 15 out of the 22 isolates 174 
analysed. Sequencing of the complete kivd gene was carried out in two Kivd
+
 (L. lactis 175 
IFPL326 and IFPL953) and two Kivd
–
 (IFPL142 and IFPL238) isolates and the deduced 176 
amino acid sequences were compared to that of L. lactis IFPL730 (Accession number 177 
AJ746364) and to kdcA, which encodes the same activity in L. lactis B1157 (Accession 178 
number AY548760). Each of the isolated kivd gene sequences encoded a putative 179 
protein of 548 amino acids (results not shown). When compared by ClustalW analysis, 180 
amino acid identity towards Kivd from L. lactis IFPL730 was 98.7% for IFPL142 and 181 
IFPL238, 98.5% for IFPL326 and 97.3% for IFPL953. Higher sequence distances were 182 
found with KdcA from L. lactis B1157 which shared for example, 87.8% of identity 183 
with Kivd from L. lactis IFPL730. Alignment of the Kivd amino acid sequence from 184 
each of these strains showed that all shared the thiamine pyrophosphate (TPP) enzyme 185 
signature pattern [LIVMF]-[GSA]-x(5)-P-x(4)-[LIVMFYW]-x-[LIVMF]-x-G-D-186 
[GSA]-[GSAC] typically associated with the pyruvate decarboxylase group of enzymes 187 
(Prosite PDOC00166) (Fig. 4).  188 
 189 
 190 
DISCUSSION 191 
 192 
The L. lactis isolates analyzed in this work were obtained from two sampling processes 193 
of a traditional goats’ milk cheese of the Majorero type with a view to extending the 194 
number of available strains that could form the basis of new starter cultures (Fontecha et 195 
al. 1990; Cogan et al. 1997). In an effort to narrow the number of isolates to be 196 
screened, we employed genotyping techniques in order to develop approaches that 197 
might allow the grouping of repeatedly isolated strains. RAPD fingerprinting of L. lactis 198 
genomic DNA and plasmid DNA analyses indicated considerable genotypic similarity 199 
between isolates from the same cheese sampling process (Fig 1). By comparison, 200 
plasmid profiling showed a higher level of genotypic heterogeneity between strains 201 
(Fig. 3), suggesting that this approach may have greater discriminatory value in order to 202 
distinguish isolates from each cheese manufacturing process. Plasmid abundance is a 203 
distinctive characteristic of L. lactis strains (Requena and McKay 1993; Bounaix et al. 204 
1996) and plasmid encoded functions generally reflect its adaptation to the dairy 205 
environment as they contain several characters of technological importance. These 206 
include those involved in lactose fermentation, proteinase and endopeptidase activities, 207 
transport of oligopeptides, stress response, citrate utilization, bacteriophage resistance, 208 
bacteriocin production and immunity, polysaccharide synthesis, antibiotic and heavy 209 
metal resistance, etc. (Siezen et al. 2005). Accordingly, several complementary typing 210 
methods, including plasmid profiles, have been employed for accurate differentiation 211 
between L. lactis isolates (Desmasures et al. 1998; Mannu et al. 2000; Sánchez et al. 212 
2000). 213 
Despite demonstrating high genotypic similarity, some phenotypic variability was 214 
found between L. lactis strains isolated from the same cheese (Table 1). The presence of 215 
both low and high proteolytic strains within the same genotypic cluster would indicate 216 
that the selection of strains for use in starter cultures on the basis of their genotypic 217 
similarity could lead to fermentation failure during cheesemaking or lack of mature 218 
cheese flavour formation (Stadhouders et al. 1988). In recent years, the primary target in 219 
the development of new starters has been to select strains that are able to increase 220 
cheese flavour formation. Usually, these studies have been performed with strains of 221 
lactic acid bacteria that have been isolated from good quality raw-milk traditional 222 
cheeses which results demonstrate high inter- and intra-species differences in their 223 
amino acid converting enzyme activities (Smit et al. 2004; Fernández de Palencia et al. 224 
2006). Here we observed considerable variation in α-ketoisovalerate activity between L. 225 
lactis strains (Table 3). However, isolation of the kivd gene from Kivd
+
 and Kivd
–
 226 
strains and comparison of the deduced amino acid sequences indicated 100% identity 227 
within conserved regions (Fig. 4). In particular, the four residues described to be 228 
involved in the catalytic process (Pohl et al. 1998; Chang et al. 1999; Huang et al. 229 
2001) are invariant in all the sequences analysed, indicating that the lack of detectable 230 
activity in Kivd
–
 isolates was not caused by mutations within the conserved and 231 
functionally relevant regions of their corresponding kivd gene sequences. Of all the 232 
strains analysed, only KdcA from L. lactis B1157 KdcA showed any variation (four 233 
amino acid substitutions) within the compared regions, yet this strain demonstrates 234 
consistent -keto acid decarboxylase activity (Smit et al. 2004, 2005). Previously, L. 235 
lactis IL1403 was shown not to have -keto acid decarboxylase activity (Smit et al. 236 
2005), despite possessing a gene (ipd; accession number NP_267460) encoding a 237 
putative protein showing 98.6% identity (over its first 438 amino acids) with L. lactis 238 
IFPL730 Kivd. Moreover, investigation of the L. lactis IL1403 genome expression by 239 
DNA microarray analysis revealed that the ipd gene is transcribed (Guédon et al. 2005). 240 
The lack of -keto acid decarboxylase activity in L. lactis IL1403 was subsequently 241 
attributed to the truncation of the Ipd carboxyl-terminal region (de la Plaza et al. 2004; 242 
Smit et al. 2005) required for decarboxylation (Chang et al. 2000). Despite confirmation 243 
that an intact kivd gene sequence was present in all strains tested, the high level of 244 
variation in Kivd activity observed here, again emphasises that the presence of a gene 245 
and/or evidence of protein expression does not necessarily equate with an enzymatic 246 
capability (Table 2).  247 
In summary, we have shown that lactococcal strains from different cheese samples 248 
can be genotypically distinguished by RAPD fingerprinting and plasmid profiling 249 
analyses. However, genotypic similarity between lactococcal isolates was shown not to 250 
correlate with a specific phenotype. These results highlight the continuing need to 251 
screen isolates for interesting phenotypic traits in efforts to select strains with new or 252 
increased flavour forming capabilities.  253 
 254 
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Legends to figures: 375 
 376 
Fig. 1. UPGMA dendogram derived from the RAPD patterns generated by primer P2 377 
for L. lactis isolates.  378 
 379 
Fig. 2. RAPD patterns generated by primers P2, P3 and M13 and plasmid profiles of 380 
representative isolates of (A) cluster I (L. lactis IFPL115 and IFPL138) and (B) cluster 381 
III (L. lactis IFPL359 and IFPL369). Std: 1-kb DNA molecular size marker (MBI 382 
Fermentas). 383 
 384 
Fig. 3. UPGMA dendogram derived from the plasmid profiles of the L. lactis isolates. 385 
 386 
Fig. 4. Alignment of conserved regions of Kivd, including residues postulated to be 387 
involved in catalysis associated with pyruvate and indolpyruvate decarboxylases 388 
(asterisks). Amino acid substitutions are indicated in bold cursives. 389 
390 
Table 1. Acidifying, proteolytic, aromatic aminotransferase (AraT) and branched chain 391 
aminotransferase (BcaT) activities of the L. lactis isolates grouped by RAPD and 392 
plasmid patterns. 393 
 394 
Cluster Strain 
Activity 
Milk pH 
(6 h at 30 °C) 
Proteolysis*  AraT
†
 BcaT
†
 
I IFPL8 5.2 1.40 1.83 24.00 
 IFPL55 4.6 2.16 5.33 23.94 
 IFPL93 5.6 0.20 1.52 25.90 
 IFPL98 5.6 0.21 2.38 25.86 
 IFPL106 4.6 2.30 1.18 23.30 
 IFPL108 5.6 0.47 1.38 23.86 
 IFPL112 5.5 0.05 1.97 25.27 
 IFPL113 5.8 0.18 2.73 27.49 
 IFPL115 5.7 0.07 1.94 25.01 
 IFPL136 4.6 2.08 5.44 24.54 
 IFPL138 4.6 1.62 2.44 22.54 
 IFPL140 4.6 1.80 2.87 21.62 
IIa IFPL68 4.6 1.75 8.43 25.82 
 IFPL94 5.4 1.56 10.13 22.74 
 IFPL99 4.9 1.92 8.55 25.28 
IIb IFPL22 5.4 1.60 6.61 25.85 
 IFPL47 4.5 1.82 6.69 23.10 
IIc IFPL326 5.8 0.36 11.50 32.25 
 IFPL355 5.8 0.53 13.10 23.01 
IId IFPL266 4.5 2.49 14.20 23.55 
 IFPL273 4.8 2.55 7.91 23.35 
III IFPL359 5.5 2.08 9.50 25.70 
 IFPL369 5.5 1.06 2.61 23.69 
*Activity expressed as µmol leucine ml
-1
 milk. 395 
†Activity expressed as µmol keto acid mg-1 protein.  396 
397 
Table 2. -Ketoisovalerate (Kivd) activity and amplification by PCR of the kivd gene of 398 
the L. lactis isolates grouped by RAPD and plasmid patterns and the non- clustered 399 
isolates. 400 
Cluster Strain Kivd activity 
(µmol mg
-1
) 
kivd 
I IFPL8 –* n.d.†  
 IFPL55 – + 
 IFPL93 – – 
 IFPL98 – – 
 IFPL106 – n.d. 
 IFPL108 – n.d. 
 IFPL112 – – 
 IFPL113 – – 
 IFPL115 – – 
 IFPL136 – n.d. 
 IFPL138 – + 
 IFPL140 – + 
IIa IFPL68 – n.d. 
 IFPL94 – + 
 IFPL99 – n.d. 
IIb IFPL22 – n.d. 
 IFPL47 – n.d. 
IIc IFPL326 14.48 + 
 IFPL355 – n.d. 
IId IFPL266 18.84 + 
 IFPL273 – n.d. 
III IFPL359 6.77 + 
 IFPL369 – – 
Non-clustered IFPL11 – n.d. 
 IFPL20 – + 
 IFPL56 – n.d. 
 IFPL69 – n.d. 
 IFPL105 – n.d. 
 IFPL117 2.15 + 
 IFPL137 – n.d. 
 IFPL142 – + 
 IFPL238 – + 
 IFPL324 4.13 + 
 IFPL361 – n.d. 
 IFPL363 – – 
 IFPL366 48.86 + 
 IFPL368 – n.d. 
 IFPL730 25.66 + 
 IFPL953 71.19 + 
*Activity was lower than the lowest quantifiable level (1 µmol mg
-1
 protein).  401 
†Not determined. 402 
56 
94 
68 
99 
69 
47 
22 
20 
369 
359 
T1 
355 
326 
273 
266 
366 
363 
361 
142 
105 
11 
953 
117 
238 
368 
137 
2 
367 
 
730 
359 
 
324 
369 
108 
106 
140 
138 
138 
93 
136 
115 
55 
113 
112 
8   
108 
106 
140 
138 
93 
136 
115 
55 
113 
112 
   
98 
II 
III 
I 
99 
22 
47 
68 
69 
94 
266 
355 
326 
273 
361 
 
Fig 1 
P2 
117 138 115 
M13 
117 Std 138 115 
P3 
117 138 115 
Plasmids 
117 Std 138 115 
A 
Plasmids 
730 953 Std 369 359 
P2 
730 953 Std 369 359 
M13 
730 355 363 369 359 359 369 
P3 B 
Fig 2 
I 
III 
IIa 
IIb 
IIc 
IId 
94 
68 
99 
69 
47 
22 
56 
20 
369 
359 
T1 
355 
326 
273 
266 
366 
363 
361 
142 
730 
105 
11 
324 
953 
108 
106 
140 
138 
98 
93 
136 
115 
55 
113 
112 
117 
238 
8   
368 
137 
 
 
 
 
 
 
 
 
 
 
 
   
 
369 
359 III 
I a 
I b 
I c 
IId 
I 
Fig 3 
  
 
 
Kivd IFPL730 21  FGVPGDYNLQFLDQIISHKDMKWVGNANEL  412 LGSQIADKESRHLLFIGDGSLQLTVQELGLAIREKINPICFIINNDGYTVERE 
     IFPL326     FGVPGDYNLQFLDQIISRKDMKWVGNANEL      LGSQIADKESRHLLFIGDGSLQLTVQELGLAIREKINPICFIINNDGYTVERE 
     IFPL953     FGVPGDYNLQFLDQIISRKDMKWVGNANEL      LGSQIADKESRHLLFIGDGSLQLTVQELGLAIREKINPICFIINNDGYTVERE 
     IFPL142     FGVPGDYNLQFLDQIISRKDMKWVGNANEL      LGSQIADKESRHLLFIGDGSLQLTVQELGLAIREKINPICFIINNDGYTVERE 
     IFPL238     FGVPGDYNLQFLDQIISRKDMKWVGNANEL      LGSQIADKESRHLLFIGDGSLQLTVQELGLAIREKINPICFIINNDGYTVERE 
KdcA   B1157     FGVPGDYNLQFLDQIISREDMKWIGNANEL      LGSQIADKESRHLLFIGDGSLQLTVQELGLSIREKLNPICFIINNDGYTVERE 
            *                      *         TPP signature *                                * 
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